Within the context of the European Noise Directive, traffic noise action plans have been established. One of those actions is to deepen the knowledge about low noise roads, as they are considered the most cost-efficient measure for traffic noise abatement. Therefore, ten test sections were installed in May 2012 in Belgium, with the objective of integrating Thin noise-reducing Asphalt Layers (TAL) in the Flemish road surface policy in a later stage. Eight test sections are paved with TAL with a thickness of a maximum of 30 mm and a maximum content of accessible voids of 18%. The other two sections consist of a Double-layer Porous Asphalt Concrete (DPAC) and a Stone Mastic Asphalt (SMA-10 as a reference section). The acoustical quality of the asphalt surfaces has been monitored in time using Statistical Pass-By (SPB) and Close-ProXimity (CPX) measurements up to 34 months after construction. Texture measurements performed with a laser profilometer are linked to the noise measurement results. Very promising initial noise reductions were found, up to 6 dB(A), but higher than expected acoustic deterioration rates and the presence of raveling led to noise reductions of a max. of 1 dB(A) after almost three years. It is shown that the construction process itself has a large influence on the acoustical quality over time.
where L A,max is the A-weighted maximum pass-by level, T is the air temperature in degree Celsius and a is the so-called temperature correction coefficient in dB(A)/˝C. A similar equation can be established for the temperature correction of CPX measurements. Different studies have examined this temperature effect related to the air temperature, but with varying results, as shown below:
‚ A semi-generic temperature correction coefficient of´0.06 dB(A)/˝C as proposed by [21] ; ‚ For dense asphalt mixtures,´0.10 dB(A)/˝C, and for porous asphalt mixtures, 0.06 dB(A)/˝C [22] ; ‚ A generic temperature correction coefficient of´0.10 dB(A)/˝C was used for all road surfaces in [23] ; ‚ For dense asphalt mixtures,´0.10 dB(A)/˝C, and for porous asphalt mixtures, 0.05 dB(A)/˝C [24] .
It is clear that this issue still remains unsolved at the moment, but that it can influence the actual results and conclusions. In this paper, the correction coefficients proposed by [24] are used. Section 2 of this paper starts with a description of the test sections, followed by an overview of all of the test methods that were used in this study. Next, the acoustical quality is investigated in detail in Section 3, including the results of repeated SPB, CPX and texture measurement campaigns up to 34 months after construction. A discussion of all of the measurement results is included in Section 4. Finally, some conclusions are given in Section 5.
Test Sections and Measurement Methods
This section includes a description of the test sections, which were discussed briefly in the Introduction, followed by a listing of the different measurement methods and equipment that were used in this research.
Description of the Test Sections
In May 2012, after a public tender, ten test sections were installed by two contractors, including seven different noise-reducing Thin Asphalt Layers (TAL; one mixture was used twice) and two reference test sections.
A suitable location was found on the regional road N19 Turnhout-Kasterlee in Belgium, which is a road with two lanes in each direction [25] . About 9200 vehicles pass the test location on a weekday, while during the weekend, about 6600 vehicles pass every day. A stretch of 2 km long was divided into ten sections of each 200 m in length, with two sections being used for the reference surfaces: a Stone Mastic Asphalt with a maximum aggregate size of 10 mm (SMA-10 on Test Section 1) and a Double-layer Porous Asphalt Concrete (DPAC on Test Section 5), which is considered the most efficient commercially-available mixture in terms of noise reduction. The eight remaining sections were paved with TAL. Test sections 8 and 9 were paved with the same TAL, but with a different thickness (25 and 30 mm) , to evaluate its possible influence on the results. Table 1 presents an overview of the mixture properties for the reference surfaces and the different TAL used in this trial. The values for the voids' percentage, ranging from 11% to 25%, were taken from ( [26] , Figure 5 ), determined on gyratory compacted samples after 100 gyrations. Both the acoustical and the mechanical properties of the test sections have been studied and monitored for the last three years. The acoustical quality of the TAL is the main focus of this trial, but also other characteristics, like durability and skid resistance, were studied and reported earlier. In [26] , an overview of the installation process itself, including infrared and gamma density measurements, has been given. The first acoustical measurement results shortly after the installation of the test sections were included in [27] . In [25] , further acoustical results, but also laboratory tests, such as the resistance against raveling and interlayer bonding (adhesion tests), have been discussed in detail.
Statistical Pass-By Method
Standard ISO 11819-1 [28] describes the "Statistical Pass-By" (SPB) method. According to [28] , the speed and the maximum sound pressure level of a minimum of 100 cars and 80 heavy vehicles should be measured. The measurement is performed during their passage in front of a microphone, which is placed at a height of 1.2 m and a distance of 7.5 m from the center of the first lane of which the acoustical quality has to be assessed. A graph with the maximum sound pressure level as a function of log(v), with v the vehicle speed, is plotted, and the average value of the maximum sound pressure level is calculated at a reference speed (L veh ). In this study, the reference speed v 0 is 80 km/h, and no heavy vehicles are taken into account, as not enough single heavy vehicles pass at the test location. Most SPB measurements were performed by experienced operators from AWV and BRRC, while some of the measurements were performed by master students from UAntwerp with the equipment from and under the guidance of BRRC; see [29, 30] . Table 2 gives an overview of the equipment used for the SPB measurements. 
Close-ProXimity Method
The "Close-ProXimity" (CPX) method is described in the standard ISO/DIS 11819-2 [31] . In this case the tire/pavement noise is measured by driving over the pavement surface with a trailer equipped with different microphones close to the tire surface. The CPX method differs from the SPB method, as it only takes into account the tire/pavement noise and no other vehicle noise sources, nor any propagation effects between the vehicle and the side of the road. The main purpose of the CPX method is to evaluate the noise production and homogeneity of the road surface over a certain distance. The CPX trailer of AWV (see Figure 1 ) is used in this study. Two times two microphones are mounted close to the tire/road contact in two acoustically-isolated chambers, which are attached to the trailer. Measurements are performed at a reference speed of 80 km/h with two different reference tires, namely a Standard Reference Test Tire (SRTT, P1) and an Avon AV4 (AAV4, H1), representative for car and truck tires, respectively. As a result, the noise levels of individual 20-m parts of the test section and the noise level of the total test section (L CPX ) are obtained. Furthermore, the averaged third octave band spectrum of the total test section can be reproduced, as shown in Section 3.2.4. 4 the acoustical quality has to be assessed. A graph with the maximum sound pressure level as a function of log(v), with v the vehicle speed, is plotted, and the average value of the maximum sound pressure level is calculated at a reference speed (Lveh). In this study, the reference speed v0 is 80 km/h, and no heavy vehicles are taken into account, as not enough single heavy vehicles pass at the test location. Most SPB measurements were performed by experienced operators from AWV and BRRC, while some of the measurements were performed by master students from UAntwerp with the equipment from and under the guidance of BRRC; see [29, 30] . Table 2 gives an overview of the equipment used for the SPB measurements. 
The "Close-ProXimity" (CPX) method is described in the standard ISO/DIS 11819-2 [31] . In this case the tire/pavement noise is measured by driving over the pavement surface with a trailer equipped with different microphones close to the tire surface. The CPX method differs from the SPB method, as it only takes into account the tire/pavement noise and no other vehicle noise sources, nor any propagation effects between the vehicle and the side of the road. The main purpose of the CPX method is to evaluate the noise production and homogeneity of the road surface over a certain distance. The CPX trailer of AWV (see Figure 1 ) is used in this study. Two times two microphones are mounted close to the tire/road contact in two acoustically-isolated chambers, which are attached to the trailer. Measurements are performed at a reference speed of 80 km/h with two different reference tires, namely a Standard Reference Test Tire (SRTT, P1) and an Avon AV4 (AAV4, H1), representative for car and truck tires, respectively. As a result, the noise levels of individual 20-m parts of the test section and the noise level of the total test section (LCPX) are obtained. Furthermore, the averaged third octave band spectrum of the total test section can be reproduced, as shown in Section 3.2.4. 
Texture Measurements
As texture is closely linked to the acoustical quality of any road surface, and especially for TAL, repeated measurements of the texture levels were performed using the dynamical laser profilometer of BRRC according to standards ISO 13473 [32] [33] [34] ; see Figure 2 . The used laser combines a high sampling frequency (78 kHz) with a small diameter of laser beam (0.2 mm). It is mounted on a vehicle, which allows performing measurements very efficiently. The laser profilometer has a vertical measuring range of 64 mm and a vertical resolution of 1 μm. Tests for this study were performed at 
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SPB
SPB measurement campaigns are performed within several time intervals after construction of the test tracks: 1, 11, 15, 22, 26 and 30 months. The first five test sections (1) (2) (3) (4) (5) are measured by BRRC, and the last five test sections (6-10) are measured by AWV. A few measurement points have been measured yearly by both operators in order to establish possible differences in the measurement equipment and operators. Furthermore, an international round robin was organized [35] where a standard deviation of 0.8 dB(A) was found for Vehicle Category 1 (cars). The differences between BRRC and AWV vary from 0.6 to 1.0 dB(A), which is in the same order of magnitude as the international round robin and inherent to the SPB procedure. The SPB results (Lveh,cars) shown in Figure  3 represent one measurement point per test section. The 95% confidence intervals are shown as error bars. Test Sections 1 (SMA-10) and 5 (DPAC) are the reference test sections. It was requested to keep the other numbered test sections anonymous. All of them are thin noise-reducing layers.
All results have been corrected using a semi-generic approach for the temperature correction coefficient of −0.10 dB(A)/°C for dense and −0.05 dB(A)/°C for porous road surfaces (in this case, only Test Section 5) and a reference temperature of 20 °C, as suggested in [24] . Previously reported SPB results [25] were corrected using a temperature correction coefficient of −0.06 dB(A)/°C as proposed by [21] . The influence of the temperature correction on the reported SPB results is in most cases limited to ±0.1 dB(A), with a few exceptions up to ±0.5 dB(A) when measurements were performed below 10 °C (some of the measurements in March or November before lunch time).
In Figure 4 , an overview is given of the effective noise reduction of each road surface compared to the SMA-10 as the reference, based on the measured SPB results at v0 = 80 km/h. A negative number for the noise reduction signifies that the measured SPB levels are actually higher than that of the reference road surface.
Using the SPB results at the different time intervals, it is possible to estimate the average increase of Lveh,cars for all test sections. This average increase over time, both per month and annually, is calculated using a linear regression line and given in Table 3 . Figure 4 shows the increase over time of Test Sections 2 (left) and 6 (right), showing the largest and smallest increase over time, respectively. The 95% confidence intervals are shown as error bars. The correlation coefficient R² is also given, both in Figure 5 and in Table 3 . 
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CPX
CPX measurement campaigns have been performed within several time intervals: 1, 5, 11, 15, 22, 26 and 34 months after construction. All results have been corrected using a semi-generic approach for the temperature correction coefficient of´0.10 dB(A)/˝C for dense and´0.05 dB(A)/˝C for porous road surfaces (Test Section 5) and a reference temperature of 20˝C, as suggested in [24] . Previously reported CPX results [25] were corrected using a temperature correction coefficient of´0.03 dB(A)/˝C as proposed in the draft CPX-standard at the time of the publication [31] , as discussed in the working group responsible for this standard [32] . Each individual result is the average of ten measurement results calculated on road segments of 20 m.
Cars
The results of the measurements performed at 80 km/h with the P1 tire (SRTT) are shown in 
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Cars
The results of the measurements performed at 80 km/h with the P1 tire (SRTT) are shown in In Figure 7 , an overview is given of the effective noise reduction of each road surface compared with the SMA-10 as a reference, based on the measured CPX results (P1) at 80 km/h. A negative number for the noise reduction signifies that the measured CPX levels are actually higher than that of the reference road surface.
Using the CPX results at different time intervals, it is possible to estimate the average increase of LCPX,P,80 for all test sections. Figure 8 shows the increase over time of Test Section 5, showing both the largest increase over time and the largest standard deviation. In Figure 7 , an overview is given of the effective noise reduction of each road surface compared with the SMA-10 as a reference, based on the measured CPX results (P1) at 80 km/h. A negative number for the noise reduction signifies that the measured CPX levels are actually higher than that of the reference road surface.
Using the CPX results at different time intervals, it is possible to estimate the average increase of L CPX,P,80 for all test sections. Figure 8 shows the increase over time of Test Section 5, showing both the largest increase over time and the largest standard deviation. This average increase over time, both per month and annually, is calculated using a linear regression line and given in Table 4 . 
Heavy Vehicles
The results of the measurements done at 80 km/h with the H1 tire are shown in Figure 9 , followed by an overview of the effective noise reduction of each road surface compared to the SMA-10 at the same time interval as the reference in Figure 10 . This average increase over time, both per month and annually, is calculated using a linear regression line and given in Table 4 . 
The results of the measurements done at 80 km/h with the H1 tire are shown in Figure 9 , followed by an overview of the effective noise reduction of each road surface compared to the SMA-10 at the same time interval as the reference in Figure 10 . Using the CPX results at the different time intervals, it is possible to estimate the average increase of LCPX,H,80 for all test sections. Figure 11 shows the increase over time of Test Section 1, showing both the smallest increase over time and the smallest standard deviation. The average increase over time, both per month and annually, is given in Table 5 . Using the CPX results at the different time intervals, it is possible to estimate the average increase of LCPX,H,80 for all test sections. Figure 11 shows the increase over time of Test Section 1, showing both the smallest increase over time and the smallest standard deviation. The average increase over time, both per month and annually, is given in Table 5 . Overview of the noise reduction, based on the CPX results (H1 tire) with temperature correction.
Using the CPX results at the different time intervals, it is possible to estimate the average increase of L CPX,H,80 for all test sections. Figure 11 shows the increase over time of Test Section 1, showing both the smallest increase over time and the smallest standard deviation. Using the CPX results at the different time intervals, it is possible to estimate the average increase of LCPX,H,80 for all test sections. Figure 11 shows the increase over time of Test Section 1, showing both the smallest increase over time and the smallest standard deviation. The average increase over time, both per month and annually, is given in Table 5 . The average increase over time, both per month and annually, is given in Table 5 . Figure 12 for both cars (P1) and heavy vehicles (H1). 
Cars vs. Heavy Vehicles
The sound pressure level reductions with respect to reference Test Section 1 at different moments in time are shown in Figure 12 for both cars (P1) and heavy vehicles (H1). 
CPX Third Octave Band Spectra
The third octave band spectra determined from the CPX measurements with the P1 tire are shown in Figure 13 for four different test sections. The initial noise spectrum one month after construction is compared to the noise spectrum 34 months after construction. 
Cars vs. Heavy Vehicles
CPX Third Octave Band Spectra
Texture
Texture measurements were performed 2, 5, 10, 24 and 30 months after construction. Figure 14 shows the measured texture spectrum two months after construction, while Figure 15 contains the texture spectrum for all test sections after thirty months. The two reference road surfaces are shown with a dotted line. 
Texture measurements were performed 2, 5, 10, 24 and 30 months after construction. Figure 14 shows the measured texture spectrum two months after construction, while Figure 15 contains the texture spectrum for all test sections after thirty months. The two reference road surfaces are shown with a dotted line. Most of the TAL show a similar behavior related to texture changes with mostly an increase in the megatexture range (wavelength between 50 and 500 mm) and a smaller decrease of the texture levels in the macrotexture range (wavelength between 0.5 and 50 mm), as shown in Figure 16 for Test Section 6. Especially, the increase of the megatexture has a negative effect on the noise reduction of the TAL.
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Most of the TAL show a similar behavior related to texture changes with mostly an increase in the megatexture range (wavelength between 50 and 500 mm) and a smaller decrease of the texture levels in the macrotexture range (wavelength between 0.5 and 50 mm), as shown in Figure 16 for Test Section 6. Especially, the increase of the megatexture has a negative effect on the noise reduction of the TAL.
Two test sections reveal a significant texture change, namely Test Section 2 and the double-layer porous asphalt in Test Section 5, which are shown in Figures 17 and 18 . Two test sections reveal a significant texture change, namely Test Section 2 and the double-layer porous asphalt in Test Section 5, which are shown in Figures 17 and 18 . 
Two test sections reveal a significant texture change, namely Test Section 2 and the double-layer porous asphalt in Test Section 5, which are shown in Figures 17 and 18 . 
Two test sections reveal a significant texture change, namely Test Section 2 and the double-layer porous asphalt in Test Section 5, which are shown in Figures 17 and 18 . In Figures 19 and 20 the texture spectra of test sections eight and nine are shown, which exhibit a more stable texture. The texture levels are indeed very similar, which is expected for the same mixture.
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In Figures 19 and 20 , the texture spectra of test sections eight and nine are shown, which exhibit a more stable texture. The texture levels are indeed very similar, which is expected for the same mixture. 
Discussion
A first remark can be made before actually discussing the measurement results in detail. The initial acoustical quality of reference Test Section 1 is surprisingly good for an SMA-10. A typical SMA-10 is expected to be 0.5 to 1 dB noisier as determined from a series of CPX measurements by AWV [36] . Figure 3 , all test sections become noisier over time, as could be expected. Test Sections 2-5 show a sudden drop in the sound pressure level after 15 months, although afterwards higher noise levels are again measured. This drop is not present in the CPX measurements, however, so it is probably related to the fact that for these SPB measurements, all data had to be recorded manually due to a hardware malfunction. Test Sections 2, 5 and 7 show the largest increase in SPB levels (3-3.6 dB(A) after 30 months). For the SMA-10 reference Test Section 1, over a period of 30 months, an increase of only 0.5 dB(A) is noted. The absolute SPB value, 74.3 dB(A), is significantly lower than the value for a comparable SMA-11 in Poland [37] , with a value of 76.6 dB(A) Figure 19 . Change in texture spectra over a period of 30 months for Test Section 8 (25-mm thickness).
SPB Results
As shown in
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SPB Results
As shown in
Discussion
A first remark can be made before actually discussing the measurement results in detail. The initial acoustical quality of reference Test Section 1 is surprisingly good for an SMA-10. A typical SMA-10 is expected to be 0.5 to 1 dB noisier as determined from a series of CPX measurements by AWV [36] . Figure 3 , all test sections become noisier over time, as could be expected. Test Sections 2-5 show a sudden drop in the sound pressure level after 15 months, although afterwards higher noise levels are again measured. This drop is not present in the CPX measurements, however, so it is probably related to the fact that for these SPB measurements, all data had to be recorded manually due to a hardware malfunction. Test Sections 2, 5 and 7 show the largest increase in SPB levels (3-3.6 dB(A) after 30 months). For the SMA-10 reference Test Section 1, over a period of 30 months, an increase of only 0.5 dB(A) is noted. The absolute SPB value, 74.3 dB(A), is significantly lower than the value for a comparable SMA-11 in Poland [37] , with a value of 76.6 dB(A) one year after construction. Test Sections 8 and 10 demonstrate a similar small increase of only 0.6-0.7 dB(A).
SPB Results
As shown in
When looking at Figure 4 , it is clear that Test Sections 3 and 5 exhibit the largest initial noise reduction, with values up to 6 dB(A) compared to the SMA-10. For Test Section 5 (DPAC), this was an expected value, and the fact that Test Section 3 is a porous-type TAL explains its high initial noise reduction. Test Sections 4 and 7 show an initial noise reduction of less than 2 dB(A), while Test Sections 8 and 10 are equally loud as the reference. Test Section 9 is even louder than the reference to begin with. This is also a surprising result as Test Sections 8 and 9 are constructed using the same TAL with only a different thickness. After 2.5 years (30 months), only Test Sections 3, 5 and 6 still show a noticeable noise reduction, although significant raveling is present.
Assuming a linear relationship between time and L veh,cars , the acoustic ageing effect is assessed in Table 3 and shown for two test sections in Figure 5 . The noise levels of reference Test Sections 1 and 5 increase with 0.04 and 0.11 dB(A) per month, respectively. The TAL show an increase ranging from 0.02 (Test Section 6) up to 0.14 dB(A) per month (Test Section 2), which corresponds to an increase of 0.24 and 1.70 dB(A) per year. This increase over time is difficult to compare to other international studies, as mostly CPX values are used to determine the acoustic ageing, as discussed further in Section 4.2. In [37] , a limited number of SPB results at a reference speed of 80 km/h is shown. A VTAC 8, a thin layer with a maximum aggregate size of 8 mm, and a PAC 8 were evaluated at different times (one and three years after construction), showing an increase of 5.7 dB between the two measurement campaigns for the VTAC 8 and 6.5 dB(A) for the porous asphalt. This increase is related to clogging of the pores and local raveling. These results are in the same order of magnitude as the findings in this study. In a Portuguese study [7] , the Controlled Pass-By (CPB) method was used to determine the acoustic ageing of rubberized asphalt and one reference gap-graded asphalt, resulting in an increase of 1.0-1.7 dB(A) per year. As the mixtures are completely different, it is difficult to compare this to our findings. Danish research on test sections with thin layers [38] , using SPB at 80 km/h, revealed an average annual noise increase of 0.5-0.7 dB(A) per year, which is much lower than the loss of noise reduction that was found in this paper. In [39] , an increase of 0.3-0.4 dB(A) per year is found in the Netherlands for TAL.
CPX Results
Cars
All of the TAL and Reference Section 5 show a steady increase over time; see Figure 6 . The acoustical quality of the reference test section SMA-10 remains more or less stable over time. Only after five months is a small decrease in sound pressure levels noted. Test Sections 2, 3 and 5 reveal a higher inhomogeneity starting after 22 months (shown as a large standard deviation). This has been confirmed by visual inspections, which indeed show several zones of raveling, changing the surface texture and, therefore, the acoustic quality within these sections [25] . The acoustical quality of Test Section 10 is not homogeneous at the beginning, but the homogeneity has improved over time.
When examining the CPX values in Figure 6 , it is clear that Test Sections 2 and 5 show the largest increase over time, which is due to the presence of raveling. In [25] (Figure 17 ), a clear image of this raveling and influence on the CPX measurement can be found. These two test sections were also prone to the highest increase in SPB levels. The CPX values of the other TAL have increased between 1.5-4 dB(A) over a period of 34 months.
The sound pressure level reductions with respect to reference Test Section 1 at different moments in time are summarized in Figure 7 . The initial noise reduction is >3 dB(A) for all test sections, except for Test Section 10, and even up to >5 dB(A) for Test Sections 2-6. Overall, the calculated noise reduction is a lot higher than for the SPB results. The CPX method differs from the SPB method, as it only takes into account the tire/road noise and no other vehicle noise sources. Contrary to the SPB method, it does not comprise propagation effects, as the measurements are performed very close to the tire. The positioning of the SPB measurement locations was compared to the CPX levels of individual 20-m road segments in [27] . In some cases, the SPB measurement location was situated in a louder part of the test section explaining why the noise reduction is larger for CPX than for SPB.
The pronounced tread pattern of the P1 tire might cause the larger noise reduction, as well, as this tire is more susceptible to the fine texture of the TAL.
After almost three years (34 months), the results are less satisfying, however, as only Test Sections 3, 4 and 6 show a reduction of approximately 1 dB(A). The other test sections have become as loud or even louder than the reference. DPAC (Test Section 5) showed an initial noise reduction of 6.1 dB(A), while after 34 months, it has become louder than the reference.
The evolution in time of the acoustical quality measured with the P1 tire for cars is shown in Table 4 and Figure 8 . Assuming again a linear relationship, the ageing effect for the different test sections was assessed. The CPX value of the SMA-10 can be considered as stable, even though a small negative value was determined (´0.01 dB(A) per month). L cpx,P1,80 of reference Test Section 5 (DPAC) shows the largest increase of 0.20 dB(A) per month. L cpx,P1,80 of the TAL layers has increased with values between 0.05 and 0.20 dB(A) per month, corresponding to an increase of 0.62-2.39 dB(A) per year, which is more than expected. In a study in Germany [4] , one of the mixtures used in this trial has been monitored for a period of three years using CPX measurements at 50 km/h. This means that the actual values cannot be compared, but they found almost no change in noise levels and a very stable texture. In this study, that particular mixture had a significantly higher deterioration rate. Furthermore, a decrease of the macrotexture levels and an increase of the megatexture levels was found, explaining the increase in noise levels. A very limited acoustic ageing has been found in [40] where low noise surfaces deteriorate at a rate of <0.5 dB(A) per year. It remains very difficult however to compare all of these results since information about other factors, such as traffic volume and composition, the presence of intersections, etc., and the construction process itself is lacking.
Heavy Vehicles
As shown in Figure 9 , L cpx,H1,80 of the reference SMA-10 is increasing over time, while it was stable for the measurements with the P1 tire. All test sections show an increase of sound pressure levels over time. In this case, only Test Section 5 reveals a large inhomogeneity after 34 months. The large inhomogeneity that was observed with the P1 tire for Test Section 3 in Figure 6 is not observed here. Possibly, the truck tire is less sensitive to texture change due to raveling than the car tire. The homogeneity of the acoustical quality of Test Section 10 has again improved over time, which is similar to the CPX results for cars.
As shown in Figure 10 , the initial noise reductions are significantly lower compared to the results shown in Figure 7 . Almost all TAL reach a noise reduction of approximately 3 dB(A), except Test Section 10, but only the DPAC reaches a higher initial noise reduction of 5 dB(A). After almost three years (34 months), the results are comparable to the results for the P1 tire, as most TAL show a reduction of max. 1 dB(A). In this case, Test Section 6 outperforms the other TAL with a noise reduction after 34 months of 2.5 dB(A) and the highest initial noise reduction for heavy vehicles of all TAL, as well.
The evolution in time of the acoustical quality measured with the H1 tire is shown in Table 5 and Figure 11 . Reference Test Sections 1 and 5 show an increase of 0.05 and 0.17 dB(A) per month, respectively. The TAL deteriorates at a rate between 0.11 and 0.13 dB(A) per month, except for Test Section 6, with a rate of 0.09 dB(A) per month.
Cars vs. Heavy Vehicles
The ageing effect for cars is smaller than for heavy vehicles for Test Sections 2 and 6, when comparing the results shown in Tables 4 and 5 . No difference in acoustic ageing is found for Test Sections 3 and 4, and the effect is even higher for Test Sections 8, 9 and 10. This is in contradiction with recent Danish research where the ageing effect was found to be smaller for heavy vehicles than for cars on a larger range of various surfaces [41] . The reference SMA-10 shows a similar increase for heavy vehicles as for SPB (approximately 0.5 dB(A)/year), but surprisingly almost no increase for cars.
One month after construction, on all test sections, except Test Section 10, more noise reduction is obtained for car tires than for truck tires; see Figure 12 . This changes completely over time as only Test Section 4 keeps a higher noise reduction for car tires after almost three years. An important remark has to be kept in mind when comparing these figures. The sound pressure levels of the reference SMA-10 are practically constant over time for passenger cars, while they increase for heavy vehicles; see Figures 6 and 9. The influence of the acoustic ageing of the reference surface is taken into account in these graphs. Additionally, the difference in ageing effect was not always significant if one keeps in mind the uncertainties and accuracy of measurements and the applied temperature correction.
CPX Third Octave Band Spectra
As shown in Figure 13 , different changes in noise spectra can be found. The reference SMA-10 shows only a very small increase in noise levels, while the DPAC shows an increase in noise levels throughout the complete spectrum, related to clogging of the pores (high frequencies) and degradation/raveling of the surface (low and mid-frequencies). Test Section 2 shows a similar behavior as the DPAC, while the other test sections all show a similar behavior as Test Section 6. Only a limited increase in the lower frequencies and a larger increase in noise levels starting from 800 Hz are present, probably caused by dirt or compaction of the slightly open layer, influencing air-flow-related mechanisms, such as air-pumping, negatively.
Correlation between CPX and SPB
It is clear form Figure 4 (SPB, light vehicles) and 7 (CPX, P1 tire) that the measurement results are only moderately correlated. This was previously investigated and reported in [42] (Figures 8 and 9 ), where R 2 was between 0.43 and 0.72. Additionally, the correlation between SPB and CPX measurements of these and other sites was investigated further in the ROSANNE project [43] . Many data points of this project, though not all, were shown as outliers when presented together with the remainder of the ROSANNE data that were collected. The probable cause is the fact that some of the measurement sites have a partly grass-covered area between the microphone and the road, which does not completely comply with the ground requirements in the IS0 11819-1 standard [28] . In practice, it is difficult to find a measurement point that completely complies with the requirements. For this project, the best possible locations were selected, although no perfect locations were found. These SPB measurements are considered to be suitable to follow up the noise evolution of a given measurement point, although the CPX measurements are considered to be more accurate and comparable to other external data. In any case, the correlation between CPX and SPB is not perfect in general. In the ROSANNE project, the following formula has been derived for cars [44] :
Almost 90% of all data (chosen based on very severe selection criteria) are within˘1 dB around this trend line, which means there is still a large uncertainty when looking at correlations.
Texture Measurement Results
For the test sections with a similar behavior as shown in Figure 16 (Test Sections 3 and 4, 6-9), a decrease of the texture levels at lower wavelengths (macrotexture) is visible starting after five months. After this period, not much change in macrotexture is observed. Increasing levels in megatexture (larger wavelengths) are mostly visible after 30 months. Test Sections 8-10 show the least change in megatexture, which is confirmed by the smallest acoustic deterioration calculated from the SPB and CPX results (for cars). It is clear from Figures 19 and 20 that Test Sections 8 and 9 exhibit a similar change in texture levels and that the spectra are almost identical. This is logical, as they are the same TAL (only different thickness), although the SPB results show much higher levels for Test Section 9. The differences in CPX levels are much smaller, so probably the difference in SPB levels can be explained by local variations near the measurement locations (presence of grass at the measurement location of Test Section 8, which will absorb part of the noise). The presence of raveling is confirmed clearly in Figures 17 and 18 which show a large increase in megatexture levels after ten months (first winter period). Such an increase in megatexture will definitely result in more tire vibrations and, thereby, noise, which is confirmed by both SPB and CPX measurements.
Conclusions
The first experience with TAL in Belgium can be considered only partly successful. A high initial noise reduction was found for a number of TAL one month after construction. The SPB results show lower initial noise reductions compared to the CPX results. As the acoustic ageing effect on the SPB results is lower than for the CPX results, the noise reduction after 2.5-3 years is considerably higher (up to 4.7 dB(A) using SPB and only 1.3 dB(A) and 2.5 dB(A) using CPX for cars and truck tires respectively). Assuming a linear relationship, the acoustic ageing effect on the noise reduction is assessed for both SPB and CPX. The TAL layers show a noise increase of 0.02-0.14 dB(A) per month based on the SPB measurements. The ageing effect is much larger for the CPX measurements with 0.05-0.20 dB(A) per month. All of these results are larger than expected when compared to previous international research.
The overall noise increase is clearly linked with raveling, which is determined through visual inspections and repeated texture measurements. A higher sensitivity to raveling was found in the laboratory for the TAL of Test Sections 2 and 3 [25] , which can easily be explained by the composition of the mixtures (aggregate grading and bitumen content) and the higher void content. Thin layers are therefore not applicable at places like urban road crossings or others where (heavy) vehicles exert high shear forces on the surface layer. The results indicate that it is difficult to realize an excellent noise reduction and durability at the same time.
Extra care should be taken during construction, as thin layers have a higher sensitivity to weather conditions during paving. Heavy rainfall during the construction of Test Sections 2 and 3 and problems with spraying of the tack coat might have increased raveling or even debonding of the base course. Fast cooling of the thin layers means that there is a smaller time window to achieve the desired density and compaction degree.
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